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The ECRH Control System was I n s t a l l e d on the Tandem 
Mirror Experiment-Upgrade (TMX-U) In 1980. The system 
provides approximately I UK of 28 GHz microwave power 
to the TMX-U plasma. The subsystems of ECRH that must 
be control led Include high-voltage charging s u p p l i e s , 
s e r i e s pass tubes , and magnet suppl ies . In addition 
t o the d e v i c e s t h a t must be c o n t r o l l e d , many 
I n t e r l o c k s must be c o n t i n u o u s l y monitored. The 
previous control system used re lay l o g i c and analog 
c o n t r o l s to operate the system. This approach has 
many drawbacks such as lack of system f l e x i b i l i t y and 
m a i n t a i n a b i l i t y . In order to address these problems, 
It was decided to go with a CAMAC and Hadlcon baseC 
sys tem that uses a Hewlett-Packard 9836C personal 
computer to replace the previous analog controls . 
CAMAC System 
The ECRH control system makes extensive use of a f iber 
opt ic serial highway. The ser ia l highway i s t a l ' o r -
oade for the ECRH contro l system s ince the various 
system components are not a l l located in the same area 
around TMX-U. The CAMAC c r a t e s a l s o provide a 
convenient place to "Plug-In" cu3tom-deslgned modules 
that must be used to control system components. This 
allows the control system designer to design var ious 
c o n t r o l s without worrying about power supplies and 
connection to the control computer. 
Each gyrotron in the system has six focus magnets and 
s u p p l i e s that must be tuned for optimum g y r o t r o n 
performance. A block diagram of the magnet supply 
control Is shown In Fig. 2. 
T h i s p a p e r w i l l d e s c r i b e t h e a d v a n t a g e s , 
disadvantages, and the day-to-day operat ions of t h i s 
new c o m p u t e r - b a s e d c o n t r o l and data a c q u i s i t i o n 
system. 
"Work per formed under the ausp ices of the U. S. 
Department of Energy by the Lawrence Livermore 
N a t i o n a l L a b o r a t o r y u n d e r c o n t r a c t 
Number W-7UO5-EN018." 
Introduction 
The TMX-U ECRH System consis ts of four parts that must 
be c o n t r o l l e d simultaneously in order for the system 
to function e f f e c t i v e l y . These four parts are magnet 
s u p p l i e s , the s e r i e s pass tube, the capacitor bank 
charging supply , and the gyrotron anode modulator. 
These c o n t r o l funct ions are accomplished through a 
computer driven CAMAC (IEEE-583) s e r i a l highway 
sys tem. The computer used to drive the CAMAC system 
i s a Hewlett-Packard Model 9836C co lor computer. In 
a d d i t i o n to the many control and diagnostic functions 
per'irmed by the 9836C, many systpm Interlocks must be 
continuously monitored and their s tatus acted upon. A 
block diagram of the c o n t r o l s y s t e m i s shown In 
Figure 1. 
The i n i t i a l magnet supply re ference Is s e t by the 
d i g i t a l to analog converter; th i s reference voltage Is 
then converted into a H-20 mA current which programs 
t h e s u p p l i e s . A l l s u p p l y r e g u l a t i o n i s done 
i n t e r n a l l y . The actual supply voltages and currents 
are then sca led and fed i n t o an analog to d i g i t a l 
converter where they can be read by the computer. 
C o n t r o l of the s e r i e s p a s s r e g u l a t o r t u b e i s 
accomplished by using d i g i t a l to analog converters, 
programmable timing pulse generators and an ln-house 
b u i l t module that sends a f i b e r optic signal to the 
grid control of the ser ie s -pass tube. The modulator 
c o n t r o l module integrates the signals from the pulse 
generators and the D/A to create a l i g h t s igna l that 
i s output to the pass :ube gr id control board. The 
modulator control module a l s o has i n t e r n a l f a u l t 
detection to prevent such things as tube run-on, o /er-
current, and over-voltage. 
The gyrotron anode c o n t r o l s make extens ive use or 
fiber optic l ight l inks . The actual waveform used to 
program the gyrotron anode i s produced by a LeCroy 
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Figure 1. Computer Control System Block Diagram. 
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Through the use of t h i s funct ion generator , the 
operator can program any shape waveform Imaginable. 
T h i s waveform Is then sent via f iber opt ic to the 
gyrotron anode modulation control board which In turn 
modulates the RF output of the gyrotron. Gyrotron RF 
parameters such as forward and r e f l e c t e d powers are 
then recorded by LeCroy Model 8212 Waveform Digit izers 
where thay can be read by the contro l computer and 
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Figure Z. Magnet Supply Control Block Diagram. 
Control Computer 
The computer used by the ECRH control system Is a 
H e w l e t t - P a c k a r d Model 9836C Color Computer. The 
computer comes with two Internal floppy disc i - ; v e s 
and approximately 1.5 M bytes of Internal ram. The 
9836C lends I t s e l f very well to control app l i ca t ions 
because of the soft keys, knob, up-down arrows, color 
graphics and the f a c t that I t can be programmed in 
BASIC. 
Modlcon Micro 81 
The ECRH control system uses Could Micro 8« Modloon 
un i t s to look at the many system I n t e r l o c k s . These 
i n t e r l o c k s include such things as water flows, water 
pressures , and switch c losures . The previous c o n t r o l 
sy s t em used e x t e n s i v e relay log ic to accomplish t h i s 
task . The modi cons perform a l l relay log ic t a s k s and 
c o n t i n u o u s l y monitor the s t a t u s of each inter lock . 
The modleons a lso i n t e r f a c e to the CAMAC system so 
that the status of each interlock can be viewed by the 
system operator. 
Conclusion 
The main advantage the new CAMAC-based control system 
h a s o v e r the p r e v i o u s a n a l o g c o n t r o l s la t h e 
f l e x i b i l i t y It provides. The modular design makes the 
system easy to maintain on a day-to-day basis and a l so 
makes the system easy to expand and upgrade. The 
computer a l s o makes I t e a s y to l o g o p e r a t i o n a l 
problems and the measures taken to c o r r e c t t h e 
problems. The only real disadvantage the new control 
system has is that the BASIC language control program 
requires a s ignif icant amount of computer memory. 
The s o f t keys , knob and up-down arrows a l low the 
o p e r a t o r t o q u i c k l y s e l e c t the operat ion to be 
performed without having to remember a l o t of "code" 
words. This i s because the function of each key Is 
automatically displayed on the computer screen. 
The c o l o r graphics when used e f f e c t i v e ! / can make i t 
very easy for the operator to check the s ta tus of 
d i f ferent parts of the system without having to search 
the screen. Abnormal system operation can be ca l l ed 
to the at tent ion of the operator almost immediately i f 
the programmer chooses his colors ef fect ively . 
The e n t i r e ECRH contro l program is written in the 
BASIC computer language. The main advantage or being 
ab le to program in BASIC i s that almost anyone with a 
minimum amount of training can maintain and update the 
c o n t r o l program. This a l lows everyone to become a 
"system expert" thus avoiding the "lone system expert 
syndrome" that can be d i s a s t r o u s to a system if the 
expert does not happen to be around when there i s a 
problem. 
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